Abstract
Introduction

The term epigenetics describes changes in the expression of genes that are mitotically and/or meiotically heritable, not induced by alterations in nucleotide sequence. The epigenetic regulation of gene transcription is related to DNA methylation and/or histone modifications. These mechanisms affect gene expression during normal cell growth and differentiation but their dysregulation is involved in the pathogenesis of several diseases [1]. Methylation of DNA is a modification that affects the cytosines in the dinucleotide: cytosine-phosphate-guanine (CpG). The covalent addition of a methyl group on the C5 of the Cp transforms it into a methylated cytosine (Cm). This change results in a different global electric charge to the DNA preventing the further binding of the gene transcriptional machinery and subsequent gene silencing.
When the change affects tumour-suppressor genes DNA, the cell is ready for malignant transformation [1] . Unscheduled [12] GSTP1 [13] , [14] p16-INK4a (CDKN2A) [15] TSLC1/IGSF4 [16] RAR␤ [17] , [18] O (6 )-methylguanine-DNA methyltransferase (MGMT) [19] RASSF1A [20] BLU [20] Fragile histidine triad (FHIT) [21] Radiation p16-INK4a (CDKN2A) [24] Ras effector homolog 1 (RASSF1A) [24] GATA5 [24] p16-INK4a (CDKN2A) [24] MGMT [24] Viruses Human papilloma virus (HPV) p16-INK4a (CDKN2A) [25] Hormones Estrogen receptor alpha [27] Progesterone receptor [28] [23] . [24] . Stratification of plutonium exposure into tertiles also revealed a dose response for methylation of the p16 gene. In addition, methylation studies in sputum cells of uraniumexposed workers has revealed a significant correlation of the p16 gene methylation rate, the MGMT gene methylation rate and the total methylation rate with the increase of the accumulated exposure dosage of the radon daughters compared to controls [24] . [25] . In sputum from patients with squamous cell lung carcinoma, aberrant methylation of p16 or MGMT was shown to be detectable up to 3 years before diagnosis [30] . Moreover, the prevalence of these markers in sputum of high-risk subjects approximated lifetime risk for lung cancer. In heavy smokers without lung malignancy but with morphometric evidence of sputum cellular atypia, RAR␤ gene was found frequently methylated (27% of the subjects studied), while the methylation frequencies of CDH13, p16 and RASSF1A were lower but always superior from non-smokers controls [31] [39] ) and the tea polyphenol-epigallocatechin-3-gallate that inhibits DNMTs and reactivates genes silenced by methylation in cancer cell lines [40] . 
Radiation
Lung cancer from radon or plutonium 239 exposure has been linked to alpha-particles that damage DNA through large deletions and point mutations. Radiation-induced lung adenocarcinoma in workers from MAYAK, a Russian nuclear enterprise [24] has been associated with increased frequency of genes inactivated by promoter hypermethylation. A higher prevalence for methylation of the p16 gene (CDKN2A), the Ras effector homolog 1 genes (RASSF1A) and the tumour suppressor gene GATA5 was seen in adenocarcinomas from workers compared to tumours from non-worker controls
Viruses and hormones
Human papilloma virus (HPV) has been found in lung cancer cases with variable frequency. The involvement of HPV infection in lung carcinogenesis of non-smoking females may be mediated through the increase of hypermethylation to cause p16-INK4a inactivation
Several lines of evidence suggest that endocrine factors may play a role in the development of lung cancer, but the evidence is limited and inconsistent [26]. It has been documented that estrogen receptor (ER ) transcription silencing due to hypermethylation is linked to the tumour progression of breast, uterine and prostate cancers. ER hypermethylation in lung tumours has been associated with the exposure of specific carcinogens in animal studies. The role of hypermethylation-induced ER transcription silencing in lung tumour progression and its prognostic value for NSCLC patients are unknown. ER hypermethylation was only detected in lung tumours, but not in adjacent normal lung tissues [27]. This suggests that ER hypermethylation may be associated with lung tumourigenesis. A high prevalence of ER hypermethylation was found in male smoking and non-smoking patients (60 versus 61%) as compared to that of female non-smoking patients (34%
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